Plasmid-to-chromosome ratios in Enterobacteriaceae, upon interruption of protein synthesis by chloramphenicol, are either conserved or increased when measured by dye buoyant density centrifugation. We have found, on the other hand, that the effect of inhibition of protein synthesis on the amount of covalently closed circular deoxyribonucleic acid visualized by this method in two strains of Streptococcus faecalis appears to differ from these established systems. A threeto sixfold decrease in covalently closed circular deoxyribonucleic acid was observed when lysates of chloramphenicol-treated cultures were submitted to dye buoyant density centrifugation. A loss of covalently closed circular deoxyribonucleic acid was also evident from electrophoretic profiles of these lysates. Several conditions which could account for the apparent loss of covalently closed circular deoxyribonucleic acid upon inhibition of protein synthesis are discussed.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The bacterial strains chosen for these experiments were obtained from the Diagnostic Laboratory of Charity Hospital, New Orleans, La. They have been identified as Streptococcus faecalis on the basis of their reaction on Enterococcosel agar (BBL Microbiology Systems, Cockeysville, Md.), their resistance to 6.5% NaCl, and growth at 45°C.
Strain CS92 was found to be resistant to erythromycin (minimum inhibitory concentration [MIC] , >1,000 jig/ml), lincomycin (MIC, 250 jig/ml), ampicillin/penicillin (MIC, 31 jig/ml), tetracycline (MIC, 62 jig/ml), and cephalothin (MIC, 125 jig/ml). Strain CS93 was isolated as a derivative of CS92 by treatment of CS92 with ethidium bromide. The antibiotic resistance pattern of CS93 follows that of CS92 with the exception that it is sensitive to erythromycin and lincomycin (MIC, 5 jig/ml). CS40 is resistant to erythromycin (>1,000 jig/ml) and lincomycin (>1,000 jg/ ml).
Brain heart infusion broth (BBL Microbiology Systems) supplemented with 0.1 M Tris-hydrochloride, pH 7.0, was used with further supplements as indicated. Unsupplemented brain heart infusion agar was used for solid medium. When labeled DNA was desired, either 1 When enrichment of the lysate for low-molecularweight DNA was desired, a high-salt extract of the streptococcal lysate was prepared, using the method of Hirt (7) . Further concentration of the supernatant was obtained by precipitation of the DNA with the addition of 2 volumes of cold (-20°C) 95% ethanol. The DNA precipitate was then redissolved in 50 mM Tris, pH 7.5, 50 mM NaCI, and 5 mM EDTA (TES). If subsequent electrophoresis was to be performed, the plasmid-containing samples were dialyzed against TES overnight at 4°C. Dialyzed preparations were stored at -20°C until use.
Dye buoyant density centrifugation. Dye buoyant density centrifugation was performed using the method of Grossman et al. (5 Figure 2 represents the dye buoyant density profiles, from left to right, of the zero-time control, the 2-h CAP, and the 2-h control samples, respectively. The denser peak represents label incorporated into CCC DNA; the lighter peak is comprised of sheared chromosomal fragments along with the linear and open circular forms of plasmid DNA. A distinct loss of counts incorporated into the CAP-treated sample as CCC DNA relative to that found in the controls is evident. Continuous label experiments identical to the one described above were performed repeatedly; all demonstrated depressed levels of CCC DNA upon treatment of the culture with CAP.
Quantitation of CCC DNA. To monitor the fate of the plasmid DNA after the introduction of CAP, a culture of CS92 was treated in the following manner. A midlog-phase culture of CS92 grown for several generations in the presence of ['H]thymidine was washed with chilled unlabeled medium to remove any traces of radioactive precursor. The culture was resuspended in fresh medium containing no isotope and split into two portions. One portion was maintained as a control, and CAP was added to the other. Both cultures were incubated at 37°C, and aliquots were removed from each at timied intervals and prepared for dye buoyant density analysis. The amount of CCC DNA from each culture is plotted as a function of time (Fig. 3) . The amount of label present in the chromosomal pellet of each sample was also measured to assess the effectiveness of the chase. It is apparent from these data that by 30 min after the addition of CAP, the amount of CCC DNA found in the CAP-treated samples has declined approximately sixfold relative to that present in the control sample. Fig. 3 . growth of CS92 in the presence of 0.5 jig of m of CCC DNA ethidium bromide per ml, demonstrates a loss of CAP from the one plasmid (pCS12) (see Fig. 4F-H Table 1 . "AP per ml was To determine if all plasmids present in strains idity was only CS92, CS93, and CS40 respond to the same iown).
degree to the effects of CAP, the intensity of is. The electro-each plasmid band demonstrated in photographs ,racts of strains of agarose gels containing plasmid DNA fronm he presence of CAP-treated cultures was compared to the band ') and two plas-intensity in photographs of uninhibited control thromycin-sen-cultures. A representative gel is shown in Fig. 4 .
,isolated after Figure 4A , B, and C shows the electrophoretic patterns of plasmids from lysates of control samples of strain CS92 obtained at zero time, 2 h, and 24 h, respectively. Figure 4D and E illustrates the electrophoretic patterns of plasmids from lysates of strain CS92 after incubation for 2 and 24 h, respectively, in the presence of CAP. To determine if the loss of CCC DNA observed by dye buoyant density centrifugation resulted in a concomitant loss of plasmid-borne genetic information, the frequency of loss of the !on period in the erythromycin resistance determinant borne on obele( CC DNA pCS12 was measured for both control and CAPeral generati(ons treated samples of strain CS92. The curing freidine per ml, the quency was determined after 2 h in the presence led in fiesh me-of CAP and again after five serial passages by Iloa(tiue pre(cr-overnight growth in brain heart infusion in the liouctueprecur-absence of CAP to remove anv error in meaa por tion of thc 20o Port sioples of surement due to the tendency of streptococci to *) cultures wvere chain. The curing frequencies obtained by these yed by dye buoy-experiments are presented in Table 2 . No inwresence of CCC crease in segregation events was observed, even ecipitable counts after multiple passages in the absence of CAP.
'ontrol (OI) and It is possible that plasmid transfer within the ilt the period of culture obscured any segregation which did octhe CAP-treated cur. However, repeated attempts to demonstrate Molecular mass determinations were obtained by comparing the distance traveled by plasmid unknowns to that of pSC101 and ColEl standard DNA (10) . sis on plasmid copy number in two strains of streptococci seems to differ from the gram-negative systems previously studied. Upon inhibition of protein synthesis, the plasmid-to-chromosome ratio has been shown to be conserved ("stringent control") in both an F plasmid (9) and an R plasmid (11) of Escherichia coli. In these systems, the protein synthesis inhibitor It has also been shown that an increase in plasmid DNA may occur in the absence of protein synthesis. One studied example of this "relaxed" mode of replication is that of the plasmid ColE1, where DNA synthesis can proceed for many rounds after the cessation of protein synthesis (2) . These modes of plasmid replication are further established by similar studies with the plasmids R6K and R28K by Arai and Clowes (1).
Our streptococcal strains, on the other hand, demonstrate a three-to sixfold decrease in the plasmid-to-chromosome ratio due to a reduction in plasmid copy number when measured by dye buoyant density centrifugation. A loss of CCC DNA was also evident from electrophoretic profiles of high-salt extracts of lysates. Several conditions which would account for the apparent loss of CCC DNA upon inhibition of protein synthesis are discussed below.
(i) Integration of the plasmid genome into the host chromosome. Integration seems improbable in that both strains CS92 and CS40 are multiplasmid organisms; simultaneous integration of all plasmids within a strain is unlikely.
(ii) Alteration of the supercoiled circular structure of the plasmid to another form. The introduction of a single-stranded nick into the closed duplex (producing a relaxed open circle) or a double-stranded break (producing a linear molecule) would alter the plasmid buoyant density to that of the chromosomal linear fragments. Consequently, the plasmid DNA would be indistinguishable from the chromosome in dye buoyant density analysis. However, the linear and relaxed circular forms of lowmolecular-weight plasmids are clearly resolved from the supercoiled circular duplex forms after electrophoretic migration through 0.7% agarose (8) . In this regard, gel analysis of the effect of CAP on the plasmids in CS40 is of interest since any alteration in form of these plasmids would be evident. Gel studies of CS40 demonstrated no conversion of the supercoiled duplex of either plasmid to another form (Fig. 4L) .
(iii) Loss of plasmid DNA from the cell. Loss of plasmid DNA from the cell is unlikely since an increase in erythromycin-sensitive variants of strain CS92 would be expected in the presence of CAP. This did not occur. This result, coupled with the observation of a return of radiolabel in the form of CCC DNA upon removal of CAP (Fig. 3) 
